Abstract: The present study examined the occurrence of sleepiness in various shift combinations ending with a night or morning shift. Three weeks' sleep/work shift diary data, collected from 126 randomly selected train drivers and 104 traffic controllers, were used in statistical analyses. The occurrence of sleepiness at work (i.e., Karolinska Sleepiness Scale 7 or higher) was tested with a generalised linear model with repeated measurements including explanatory factors related to shifts, sleep, and individual characteristics. The prevalence of severe sleepiness varied between 25% and 62% in the combinations ending with a night shift and between 12% and 27% in the combinations ending with a morning shift. The occurrence of sleepiness did not, however, systematically vary between the shift combinations in either case. An increased risk for sleepiness was associated with high sleep need and long shift duration in the night shift and with high sleep need, short main sleep period, long shift duration and an early shift starting time in the morning shift. Also having a child was associated with an increased risk for sleepiness in the night shift. The results suggest that the shift history of 24-36 h prior to the night and the morning shift is not strongly associated with the occurrence of sleepiness at work, but there are other factors, such as shift length and starting time and sleep need, that affect a risk for sleepiness at work.
Introduction
Insufficient sleep and impaired alertness are the most common problems with non-physiological working hours 1, 2) . In night shifts, both main determinants of alertness, time since sleep and the circadian phase have a disadvantageous effect on the maintenance of alertness. In the early morning shift, the preceding main sleep period is usually reduced by about 2 h due to the difficulty to fall asleep early in the evening. In addition, one has to rise from bed around the circadian nadir of alertness.
Insufficient sleep and sleepiness are particularly problems in occupations, in which a drop in vigilance can compromise safety 3) . Thus, sleep and sleepiness at work have been studied especially in industrial and transportation occupations [4] [5] [6] [7] [8] . Our recent study on sleepiness in train drivers and railway traffic controllers showed that an increase in the occurrence of severe sleepiness at work is associated with night and morning shifts, long duration of a shift, young age, and a short main sleep period before the shift 9) . The time-off period before the shift was not consistently associated with the occurrence of severe sleepiness. Interestingly, the time-off period of 16 h or more before the night shift was associated with a somewhat higher risk for severe sleepiness than the time-off period of 8-16 h. For the morning shift, the situation was the opposite: a short free time period prior to the shift (less than 8 h) was associated with an increased risk for severe sleepiness in comparison to a long free time period (16 h or more). However, the occurrence of severe sleepiness in specific shift combinations ending with either the night or morning shift were not examined. In addition, the significance of daytime naps prior to the night shift was not studied.
Our next study examined the sleep-wake rhythm in specific shift combinations ending with either the night or morning shift 10) . The main findings were that the main sleep period curtailed particularly in Evening+Morning and Morning+Night shift combinations, in addition to two successive night shifts. On the other hand, afternoon napping prior to the night shift increased in the Morning+Night combination. The increased daytime napping in this shift combination was probably due to an early wake-up time and also to good possibilities to nap in the midway of a round trip. Also the starting time of the shift played a significant role. On average, a delay of one hour in the starting time of the night shift increased the chance for taking an afternoon nap by half. One hour delay in the starting time of the morning shift, in turn, increased the main sleep period by 44 min. We also explored dozing off at work, but at least all the train drivers, who were interviewed afterwards, said that all dozing offs occurred when the train was stopped. Thus, we could not directly estimate the occurrence of severe sleepiness in the morning and night shifts that were preceded by a different shift history.
The new viewpoint of the present study was to examine the occurrence of severe sleepiness in various shift combinations ending with a morning or night shift in train drives and traffic controllers. In addition, we were interested to study how other shift-related factors (e.g., shift starting time), prior sleep and individual factors (e.g., experienced sleep need) affected the occurrence of severe sleepiness specifically in the morning and night shifts.
Material and Methods

Subjects
Of all professional train drivers (drivers, n=1,277) from East and South Finland and traffic controllers (controllers, n=453) from South, East and West Finland, 230 drivers and 270 controllers were allotted to the study. Of all the allotted drivers and controllers 139 (60.4%) and 138 (51.1%), respectively, gave an informed consent to participate in the study. The drives worked in both local (12%) and longdistance traffic (42%). The work of the rest of the drivers included both local and long-distance traffic, service driving, duties at a railway depot or a railway yard, as well as, office work. Unfortunately, we did not systematically ask the type of the work task in each shift and thus could not control for this factor.
A total of 47 subjects were removed prior to statistical analyses. Two subjects were excluded because of acute sickness absence and twelve subjects because they were not working on an irregular 3-shift work during the data collection period. The data of eleven subjects were too incomplete for analyses for various reasons (on-call shifts, sick leaves, training courses). In addition, the data of 26 women were excluded because the number of women was too small to examine the gender effect and secondly, all of them were traffic controllers, which would have made it difficult to compare the occupational groups. After these partially overlapping exclusionary criteria, 126 drivers and 104 controllers were included in the statistical analyses. The occupational groups were comparable in terms of age (drivers: mean 42.3 yr, range 33-55 yr, controllers: mean 44.2 yr, range 26-61 yr), shift work experience (drivers: mean 22 yr, range 14-36 yr, controllers: mean 19 yr, range < 1 yr-38 yr), and percentage of subjects who had children in the same household (drivers: 32%, controllers: 18%).
Study protocol
Each subject visited our sleep laboratory twice. During the first visit, the subjects answered a questionnaire concerning shift work and sleep and a nurse instructed them on how to use a sleep diary. The occurrence of severe sleepiness at work was determined with the nine-point Karolinska Sleepiness Scale (KSS) 11) . The subjects gave their KSS ratings in the beginning and at the end of each shift and at any time during the shift when they felt sleepy (a KSS rating of 6 or higher). When a subject rated 7 or greater on the KSS at least once during the shift, the occurrence of severe sleepiness at work was identified. A KSS rating of 7 ("sleepy but not fighting sleep") has been shown to be accompanied by physiological signs of sleepiness, such as occasional slow eye movements and elevated alpha and theta activity in the EEG 11, 12) . Individual sleep need was measured with the following question: "How many hours of sleep do you need per day (if you could sleep as long as you like)? In other words, how much sleep do you need to be alert and in good shape at work the next day?"
The subjects started keeping the diary on the day of the first laboratory visit and continued with it for three weeks. They were instructed to keep the diary with them all the time and to record the starting and ending of all shifts, sleep periods, dozing offs and experienced sleepiness. The total amount of coffee, alcohol and drugs used within the past 24 h was marked in the sleep diary at bedtime. The subjects were also asked to report sleep latency, number of awakenings and sleep quality upon awakening.
When either a morning or a night shift was preceded by at least two sleep periods, which ended after 10:00 p.m., the main sleep period was the longest of these sleep periods. In 44 cases the duration of the main sleep period could not be defined due to missing data (35 cases) or very fragmented sleep-wake rhythm containing no main sleep period (9 cases).
Definitions of the shifts
The shifts were defined according to the following criteria: night shift-at least 3 h of the shift, or the whole shift, is between 11:00 p.m. and 6:00 a.m.; evening shift-ends between 7:00 p.m. and 1:59 a.m. and is not a night shift; morning shift-commences between 3:01 a.m. and 6:59 a.m. and is not a night or an evening shift; day shift-starts between 7:00 a.m. and 1:59 p.m. and is not an evening or a night shift.
Shift combinations
A total of four shift combinations ending with the night shift contained enough cases for separate shift combination groups ( Fig. 1) . To make the shift combinations equal in terms of preceding sleep, two criteria were applied. If there was a shift within 24-42 h before the night shift, it had to start after 6:59 a.m. and end before 9:31 p.m. These criteria confirmed that night sleep before the night shift was not affected by insufficient sleep resulting from an early shift or by a delayed bedtime resulting from a late shift. After the application of these criteria, the identified shift combinations encompassed 71% of all the cases. The rest of the combinations formed their own category called undefined combinations. For the morning shifts, four separate shift combination groups could be formed (Fig. 2) . These cases encompassed 89% of all the observations.
Statistical methods
The associations between the work-, sleep-, and individualrelated factors and the occurrence of severe sleepiness at work were tested with one type of generalised linear model for repeated measurements called Generalized Estimating Equations (GEE) model 13, 14) . It can be considered as a logistic regression model for repeated measurements data, although it uses the generalised estimation equations method instead of the maximum likelihood method. The model allows the use of unbalanced data and also subjects with missing data can be included, while in the classical multivariate analysis of repeated measurements, all subjects with missing data are simply deleted. The correlation structure of the repeated measures was compound symmetry, i.e., the correlation between two measurements from the same individual was the same regardless of the time length between them.
Prior to the statistical analyses we studied associations between potentially relevant explanatory variables. Experience in shift work was excluded from the model because it correlated strongly with age (Spearman correlation coefficient = .63, p<.001 in the night shift combinations and .67, p<.001 in the morning shift combinations). All models studying the occurrence of severe sleepiness in the night shift contained the following work-, sleep-and individualrelated explanatory variables: occupation (driver, controller), shift combination type, the length of the shift, the length of the preceding main sleep period, the occurrence of afternoon nap before the shift, age (< or >= 45 yr), children in the same household (at least one child < 7 yr, at least one child between 7-17 yr but no younger ones or no children) and self-reported sleep need. In the case of the morning shift, the explanatory variables were the same, except that the occurrence of afternoon nap was removed from the model and the starting time of the shift was added to the model. The reason for including shift starting time in the model was that the starting time of the morning shift is known to affect the length of the preceding sleep period 10) . All the statistical analyses were carried out using the Statistical Analysis System, SAS Version 8 (Sas Institute Inc. 1999). The generalised linear models for repeated measurements were carried out by genmod procedure.
Results
Shift combinations ending with the night shift or the morning shift
As the results on the prevalence of the various shift combinations and the sleep-wake rhythm in these combinations have been reported in our recent study 10) , they are not repeated here in detail. For the drivers, the most prevalent shift combination ending with the night shift was the Free | Night shift, but also the Morning+Night shift combination occurred frequently (Fig. 1) . Among the controllers, the most prevalent combinations were the Day+Night shift and the Morning+Night shift.
Of the shift combinations ending with the morning shift, the Free | Morning and the Evening | Morning were the most common among the drives. The same held for the Free | Morning and the Evening | Morning combinations among the controllers.
Sleepiness in shift combinations ending with the night shift
The prevalence of severe sleepiness in the night shift varied between 36% and 62% among the drivers and between 25% and 58% among the controllers in the various shift combinations (Fig. 1) . The overall prevalence of severe sleepiness was 50.5%. In the beginning of the night shift, severe sleepiness was present only rarely, but markedly more often during and at the end of the shift.
The generalised linear model for repeated measurements showed that work or sleep related explanatory variables were not significantly associated with the prevalence of severe sleepiness (Table 1) . Of the individual factors, only subjective sleep need was associated significantly (χ 2 (1)=12.74, p<.001) with severe sleepiness. One hour increase in sleep need increased the odds for the occurrence of severe sleepiness by 65%. The amount of experienced sleep need varied between 4 and 12 h (median 8 h). Also having at least one child less than 7 yr of age tended to increase the risk for sleepiness in the night shift, even though the overall association between having at least one child and the occurrence of severe sleepiness at work was not significant (χ 2 (2)=5.18, p=.075). None of the explanatory variables All explanatory variables are included in the model when the effect of one explanatory variable on the occurrence of severe sleepiness at work is tested. A total of 428 observations have been included in the analysis. Driver = train driver, controller = traffic controller, M = morning shift, D = day shift, N = night shift, | = the dividing line between two days, + = no night between the shifts. interacted significantly with the shift combination factor. When the sleep-related explanatory variables were removed from the statistical model the association between the shift combinations and sleepiness at work remained nonsignificant (p=0.56), but the effect of the shift length approached statistical significance (χ 2 (1)=3.69, p=.055). On average, each hour at work elevated the odds for severe sleepiness by 9% (OR: 1.09 for each hour at work, 95% confidence interval 0.99-1.20).
Sleepiness in shift combinations ending with the morning shift
The prevalence of severe sleepiness in the morning shift varied between 12% and 27% among the drivers and between 13% and 17% among the controllers in the various shift combinations (Fig. 2) . The overall prevalence of severe sleepiness in the morning shifts was 18.6%.
The generalised linear model for repeated measurements revealed that of the sleep related explanatory variables, the length of the main sleep period was significantly associated (χ 2 (1)=7.08, p<.01) with severe sleepiness (Table 2 ). On All explanatory variables are included in the model when the effect of one explanatory variable on the occurrence of severe sleepiness at work is tested. A total of 519 observations have been included in the analysis. Driver = train driver, controller = traffic controller, M = morning shift, D = day shift, E = evening shift, N = night shift, F = free, | = the dividing line between two days. average, each hour of sleep decreased the odds for the occurrence of severe sleepiness by 35%. Of the individual factors, the main effect of subjective sleep need approached the level of significance (χ 2 (1)=3.82, p=.0506). On average, each hour of subjective sleep need increased the odds for the occurrence severe sleepiness by 35%. Having at least one child between 7-17 yr of age tended to decrease the risk for sleepiness in the morning shift, but the overall association between having at least one child and the occurrence of severe sleepiness at work was not significant (χ 2 (2)=3.81, p=.15). Also the length of the morning shift affected sleepiness (χ 2 (1)=3.96, p<.05). Each hour at work increased the odds for the occurrence of severe sleepiness by 13%. The shift combinations or the starting times of the shifts time were not significantly associated with the occurrence of severe sleepiness in the morning shift. None of the two-way interactions between the shift combination factor and one of the other explanatory factors was significant.
The exclusion of the sleep-related explanatory variables from the statistical model did not make the association between the shift combinations and sleepiness at work significant (p=.93). However, the association between the starting time of the morning shift and severe sleepiness at work became significant (χ 2 (1)=8.42, p<.01). On average, one hour delay in the starting time of the morning shift decreased the odds for the occurrence of sleepiness at work by 37% (OR: 0.63 for each hour of delay, 95% confidence interval 0.47-0.84).
Discussion
The main and new result of the present study was that there was no direct association between the various shift combinations and the occurrence of severe sleepiness in the night and morning shift. Other interesting findings were that the length of the night and morning shift and the starting time of the morning shift as well as some individual factors, such as subjective sleep need, were associated with the occurrence of severe sleepiness at work.
Sleepiness in the shift combinations ending with the night shift
The finding that the occurrence of severe sleepiness in the night shift was not associated with the various shift combinations, even when the length of prior sleep was not controlled for, is somewhat confusing. Our previous study showed that the length of the main sleep period was significantly shortened in certain shift combinations, especially when an early shift immediately preceded the night shift 10) . On the other hand, our previous study also showed that a long period of free time before the night shift was not associated with a decrease in the prevalence of severe sleepiness 9) . In connection with the night shift, a free time period of 16 h or more before the shift was even associated with a higher risk for sleepiness at work than a free time period of 8-16 h. Härmä et al. 9) suggested that train drivers and traffic controllers adjust their sleeping habits for each time-off period and shift combination. This pattern was clearly observable in our recent study, in which the percentage of afternoon napping was much higher in the morning+night and day+night shift combinations (91%-71%) than in the free+night combination (59%-33%) among both occupational groups 10) . It can be hypothesised that the non-significant association between the shift combination and severe sleepiness was due to the fact that the workers increased daytime napping before those night shifts that were preceded by an early shift. In an experimental study, daytime naps prior to the night shift have been shown to improve alertness during the shift 15) . However, the association between the daytime naps and severe sleepiness was not significant in the present study. The same was true for the interaction between the shift combinations and daytime napping, meaning the alerting effect of the naps was not different between the various shift combinations.
One possible explanation for our findings is that at night the fatiguing effect of the circadian factor on alertness is so strong that up to 2.5 h reduction in the preceding main sleep period does not significantly increase the occurrence of severe sleepiness. For example, the study of Härmä et al. 16) showed that physiological sleepiness measured with the Maintenance Test of Wakefulness (MWT) was at the same level at night after an 8 h sleep on the preceding night as during a day that was preceded with only 2 h of nocturnal sleep.
Our measure of severe sleepiness was quite rough (at least one KSS rating of 7 or greater between the beginning and the end of the shift), which made it difficult to find differences among the various shift combinations. On the other hand, our previous study, in which the same measure of severe sleepiness was used as in the present study, showed that the occurrence of severe sleepiness varied greatly for example between the day and night shifts 9) . Thus, it can be said that the differences in the occurrence of severe sleepiness are clearly slighter between various night shifts with a different shift history than between different shift types (e.g., night shift vs. day shift). Another methodological limitation concerns the way the KSS-ratings were collected. The subjects were asked to give their ratings in the beginning and at the end of each shift irrespective of the level of sleepiness and at any time between these time points when they felt sleepy. It is possible that at least some of the workers failed to report on sleepiness between the beginning and the end of the shift as they did not have to evaluate sleepiness systematically, e.g., in every two hours. These methodological limitations also hold for the results on the occurrence of sleepiness in the various shift combinations ending with the morning shift.
There may also be some intervening variables that can partly explain the non-significant relationship between the shift combinations and the occurrence of severe sleepiness. In this study, we could not control for the content of work, which has been shown to affect sleepiness to a great extent 17) . It can be hypothesised that for example having two persons in the cabin or driving local traffic would keep the driver more vigilant than driving alone or having long distances between the stations. In addition, we did not control for other factors, for example meals or sleep disorders, which potentially could modify sleepiness. The small number of subjects and observations in certain shift combinations can be considered to increase the impact of these intervening factors on the results.
The length of the night shift tended to be positively associated with the occurrence of severe sleepiness, when the length of prior sleep was not controlled for. Also our previous study showed that each hour of the shift increased the risk for severe sleepiness by 15% when the data of the morning, day, evening, and night shifts were combined 9) . This suggests that one effective way to improve alertness in the night shift is to keep the length of the shift relatively short.
Sleepiness in the shift combinations ending with the morning shift
The prevalence of severe sleepiness was 31%-units lower for the morning shift than for the night shift, a finding that underlines the significance of the time of day for sleepiness. The non-significant association between the various shift combinations and severe sleepiness in the morning shift was probably due to the relatively small difference (about 30 min) in the mean duration of the preceding sleep period between the combinations.
Similar to the night shift, the length of the morning shift was positively associated with the occurrence of sever sleepiness. One interesting question is whether this pattern was only due to shift length per se. Almost all short (7.5 h or less) morning shifts ended at 2 p.m. or earlier. This means that only during the long shifts, the subjects had to work during the mid-afternoon hours (from 1 p.m. to 4 p.m.) to a great extent. In our recent study, we showed that EEG/EOGdefiend physiological sleepiness at work peaks just during these mid-afternoon hours 17) .
Thus it remains open to what degree the positive association between the long working hours and the occurrence of severe sleepiness in the morning shift was due to time of the day on the one hand and to long working hours on the other hand.
The starting time of the morning shift was associated with the occurrence of severe sleepiness, but only when sleeping prior to the shift was not controlled for. This suggests that advancing of the shift starting time increased the occurrence of sleepiness by shortening the preceding sleep period. This result is somewhat contradictory with the study of Kecklund et al. 18) , which showed no clear effect of earlier starting time of the morning shift on sleepiness at work. One likely explanation for this difference is that in the present study, the starting time of the morning shift varied between 0310 and 0655 a.m., whereas in Kecklund's study the earlier shift started at 0630 a.m. and the later shift at 0830 a.m. Thus, the delay of the shift starting time seems to be a more effective means to decrease sleepiness in the early morning shifts than is the extension of the free time prior to the shift. This observation is probably due to the fact that advancing of bed time is difficult because of "the forbidden zone" for sleep in the early evening 19) and due to social reasons. The association between sleepiness and individual factors Experienced sleep need was the most significant individual factor explaining the occurrence of severe sleepiness. Each additional hour of sleep need increased the risk for the occurrence of severe sleepiness by 65% and 35% in the night and morning shifts, respectively.
One problem with the use of experienced sleep need as an explanatory variable for sleepiness is that the workers possibly estimated their sleep need on the basis of how sleepy they felt at work. In the present study, the questionnaire containing the question about sleep need was, however, given prior to the use of the sleep/work time diary. This different timing of the measurements probably decreased the probability for a circular argument. There are also two issues that suggest that the participants did not evaluate their sleep need only based on their experienced sleepiness in the night and morning shifts. In our previous study, we found that the participants with high sleep need also slept somewhat more in connection with the night and morning shifts than did the rest of the participants 10) . This demonstrates that higher sleep need is not only associated with more frequently experienced sleepiness, but also with longer sleeping time. Secondly and perhaps even more importantly, we did not ask experienced sleep need specifically in relation to the morning and night shifts, but more generally irrespective of shifts or work. Thus, it is quite unlikely that the participants, who also worked evening and day shifts and had days off, would have evaluated their sleep need high just because of experienced sleepiness during the night or morning shifts. All in all, it seems that experienced sleep need is a critical factor in explaining the occurrence of severe sleepiness in the night and morning shifts.
Also having at least one child less than 7 yr of age tended to increase the occurrence of severe sleepiness in the night shift. One factor behind this association may be that having a small child decreases the main sleep period and afternoon napping prior to the night shift, as found in our previous study 10) . We did not find any significant age effect on the occurrence of severe sleepiness at work. This result is consistent with some previous studies on train drivers 7, 20, 21) . In our previous study, we, however, found that the risk for the occurrence of severe sleepiness at work decreased with ageing among the train drivers, when the data of the morning, day, evening and night shifts were combined 9) . For the traffic controllers, the corresponding age effect was not found. Taken together, it seems that ageing does not increase a risk for sleepiness at work among traffic controllers and train drivers. There is, however, at least one critical issue one has to keep in mind: older workers are probably more selected to shift work than younger workers. This "healthy worker effect" is inevitably present in cross-sectional designs.
In conclusion, the present study suggests that the occurrence of severe sleepiness during the night and morning shifts is not significantly related to the order of the preceding shifts. Important factors to minimise the occurrence of severe sleepiness at work seem to be the short duration of the night shift and the avoidance of the very early starting times of the morning shifts. The results also support the view that certain individual factors, such as long sleep need, are also associated with an increased risk for severe sleepiness in the morning and night shifts.
